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DESIGN, SYNTHESIS AND ANTITUMOUR EVALUATION OF NATURAL PRODUCT ANALOGS AND DEVELOPMENT OF SYNTHETIC METHODOLOGIES
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The first part of the thesis mainly deals with the design and synthesis of antitumour agents based on the natural products such as colchicine, combretastatin and resveratrol and their cytotoxic evaluation. The other part of the thesis deals with the 1, 4-conjugate addition of chalcones and α, β-unsaturated carbonyl compounds and direct sulfonylation of alcohols with economical and environmental friendly iron chloride as catalyst. Schematic representation of the thesis is presented (Fig 1) above and which is further followed by a brief description of each chapter.

Chapter I Introduction  
	This chapter divided into two sections, section A describes the general introduction to cancer disease, factors responsible for cancer, chemotherapy in cancer treatment, antimitotic agents, microtubule stabilzing drugs and tubulin polymerization inhibiting agents. Section B describes synthesis of aryl alkyl, allyic and benzylic sulfones. More emphasis is laid on sulfonylation of alkyl halides, pre activated alcohols using palladium catalysts, oxidation of corresponding sulfides and application of sulfones in the synthesis of natural products and biologically important molecules.
Chapter II Design and Synthesis of Resveratrol-based Nitrovinylstilbenes as Antimitotic Agents.
Microtubules are cytoskeletal filaments consisting of α, β-tubulin heterodimers and are involved in a wide range of cellular functions that are critical to the life cycle of the cell. In the mitotic phase of the cell cycle, microtubules are in dynamic equilibrium with tubulin dimers as tubulin is assembled into microtubules, which are disassembled to tubulin. Because inhibition of tubulin polymerization increases the number of cells in metaphase arrest, the interference with the dynamics of tubulin and cell division has been proven to be clinically useful for designing anticancer agents such as paclitaxel, vinblastine, and docetaxel and vincristine. Resveratrol,  E-3,5, 4’-trihydroxystilbene, a polyphenolic stilbene found in the skin of red grapes, various other fruits, and root extract of the plant Polygonum cuspidatum, has been an important constituent of Chinese and Japanese folk medicine. Resveratrol has been extensively investigated as a cardioprotective, anti-inflammatory, and antiaging agent. Recent studies have shown that resveratrol has potent anticancer effects. This was evidenced by its in vitro and in vivo inhibitory effects on the growth of a number of tumor cell lines including lymphoma, myeloma, melanoma, breast, pancreatic, colorectal, hepatocellular, and prostate carcinoma. Resveratrol has been reported to have diverse effects on signaling molecules, such as downregulation of the expression of angiogenesis-associated genes, activation of the apoptotic mechanisms, and induction of cell cycle arrest. Resveratrol was also found to sensitize resistant tumor cell lines to a variety of chemotherapeutic agents, such as paclitaxel, thalidomide, and bortezomib. In view of the great potential of resveratrol as a potent chemotherapeutic agent against a wide variety of cancers, the trihydroxystilbene scaffold of resveratrol has been the subject of synthetic manipulations with the aim of generating novel resveratrol analogues with improved anticancer activity. The trans-3,4,5,4’-tetramethoxystilbene analogue, of Resveratrol has been shown to possess stronger antiproliferative properties than resveratrol in HeLa cervical cancer cells, LnCaP prostate cancer cells, and HepG2 hepatoma cells, as well as HCA-7, HCEC, and HT-29 colon cancer cells. 
Compounds having a nitrovinyl side chain attached to the aromatic ring (β-nitrostyrenes) have been reported as proapoptotic anticancer agents, and the nitrovinyl moiety was identified as the pharmacophore for this activity. These compounds have also been described as highly potent and selective inhibitors of human telomerase, by which the essential telomeres that protect chromosomes from exonucleolytic degradation are added to the end of eukaryotic chromosomes. 
 	In the present chapter we present the design, synthesis and antitumor evaluation of Nitrovinylstilbenes that are resveratrol analogues. The trans-stilbene pharmacophore was functionalized with different groups such as methyl, methoxy, methylenedioxy, 3,4,5-trimethoxy, chloro, fluoro, and bromo groups at different positions to furnish derivatives.
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Most of these compounds exhibited antiproliferative activity and inhibited in vitro tubulin polymerization effectively at concentrations of 4.4-68.1 and 17-62 μM, respectively. Flow cytometry studies showed that compounds with 4-Methyl, 4-Methoxy and 3,4-methylene dioxy substituent arrested cells in the G2/M phase of the cell cycle. Immunocytochemistry revealed loss of intact microtubule structure in cells treated with 4-Methyl and 4-Methoxy substituted compounds. Docking of 4-Methyl and 4-Methoxy substituted compounds with tubulin suggested that the A-ring of the compounds occupies the colchicine binding site of tubulin, which coordinates with Cys241, Leu242, Ala250, Val318, Val328, and I378, and that the nitrovinyl side chain forms two hydrogen bonds with the main loop of the β-chain at Asn249 and Ala250.
Key feature of this chapter:
	Majority of these compounds demonstrated significant antiproliferative activity against the cancer cell lines tested.
	We have identified two compounds, 1,2,3-trimethoxy-4-(4-methylstyryl)-5-((E)-2-nitrovinyl)benzene and 1,2,3-trimethoxy-4-(4-methylstyryl)-5-((E)-2-nitrovinyl)benzene, as potent antiproliferative agents and inhibitors of tubulin polymerization.
	Similar to other antitubulin agents, 1,2,3-trimethoxy-4-(4-methylstyryl)-5-((E)-2-nitrovinyl)benzene and 1,2,3-trimethoxy-4-(4-methylstyryl)-5-((E)-2-nitrovinyl)benzene induced cell cycle arrest at the G2/M phase. Treatment of cells with these compounds resulted in the formation of bipolar spindles, indicating a metaphase arrest.
	The compounds of this structural class are amenable to further modifications and will be useful as templates for the design of new anticancer agents.
Chapter III Design, Synthesis and Antitumor Evaluation of Trimethoxybiphenyl Chalcones.
Many clinically successful anticancer drugs were themselves either naturally occurring molecules or have been developed from their synthetic analogs. Great interest is currently being paid to natural products for their interesting anticancer activities. Flavonoids are prominent plant secondary metabolites that are consumed by humans as dietary constituents in amounts exceeding 0.1 g/day. A large number of biological activities have been attributed to these compounds including anticancer. The interaction of dietary flavonoids with the gut has numerous implications for human health, and flavonoid compounds in the diet may act as chemopreventive agents against the development of cancer in the alimentary tract. In fact, a number of studies have demonstrated anticancer activity associated with flavonoids; for example, flavone has been shown to be a potent apoptosis inducer in human colon carcinoma cells, and this effect appears to be restricted to cancer cells. 
Chalcones (trans-1,3-diphenyl-2-propen-1-ones) are the biogenetic precursors of all known flavonoids and are rich in edible plants. Structurally, they consist of open-chain flavonoids in which two aromatic rings are flanked by a three carbon ‎α,β-unsaturated carbonyl system. Chalcone derivatives have received a great deal of attention due to their relatively simple structures, and wide range of pharmacological activities  which includes anticancer, antimalarial, antiviral, anti-inflammatory, immunomodulatory, antibacterial, antifungal, immunosuppressive, antiprotozan, trypanocidal, and leismanicidal properties, and anticarcinogenic activities. In addition to these, chalcones are also effective chemotherapeutic agents with inhibition of cell proliferation in vivo. Since a number of clinically useful anticancer drugs have genotoxic effects due to interaction with the amino groups of nucleic acids, chalcones may be devoid of this undesirable side effect. These activities are largely attributed due to the α,β - unsaturated ketone moiety. Introduction of various substituents into the two aryl rings is also a subject of interest because it leads to useful structure–activity relationship (SAR) conclusions and thus helps to synthesize pharmacologically active chalcones.
The success of combretastatin demonstrates that structural complexity is not necessary for potent biological activity and that simple molecular scaffolds can provide new lead compounds. One emerging strategy in the development of new drugs involves combining key pharmacophores from existing natural products to generate novel chimeric compounds with improved biological properties. Recent reports have shown chalcones having a trimethoxyphenyl group exhibit potent biological activities against various cancer cell lines.
In this chapter we present a new series of (E)-1-phenyl-3-(4,5,6-trimethoxybiphenyl-2-yl)prop-2-en-1-ones, as antitumor agents with both biphenyl and enone pharmacophores. The biphenyl pharmacophore was functionalized at ring C2 with various groups such as methoxy, methyl ketone, methoxy carbonyl, 1,3 dioxole, nitro and fluoro groups and the enone pharmacophore was functionalized at ring b with different groups such as chloro, methoxy and dimethoxy groups. In addition, to understand the effect of para-, meta- and di- substitution at ring C2, methoxy carbonyl, methoxy and fluoro groups were introduced at different positions to furnish derivative which are evaluated to cytotoxic studies and presented structure activity relationship of the compounds.
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Key feature of this chapter:
	Majority of these compounds demonstrated significant antiproliferative activity in a dose dependent manner against the cancer cell lines tested.
	SAR studies includes that the 3,4-disubstitution with oxygen group on biphenylC2 ring  is favorable for cytotoxicity, which are more active than the mono oxygenated group on the same ring whereas the same substitution on b-ring of chalcone disfavors for cytotoxic activity against all the cell lines.
	Hence, the compounds of this series will be useful for designing of new anti cancer agents and are amenable for several structural modifications. 
Chapter IV FeCl3/TMSCl: An Effective Catalytic System for the Conjugate Addition of Sodium P-Toluenesulfinate to α, β-Enones.
Alkyl aryl sulfones have been widely used as useful intermediates in organic synthesis. The sulfonyl group is a strong electron-withdrawing group and stabilizes its α-carbanion. The α-carbanion is readily generated by reaction with a base and reacts with various electrophiles such as alkyl halides and aldehydes. The sulfonyl group is readily removed under mild reductive conditions. Reductive elimination of β-acetoxysulfones, which are obtainable through the aldol-type reaction of sulfones, yields olefins with high (E)-selectivity as compared to Wittig olefination. Therefore, aryl alkyl sulfones are frequently used as key synthetic intermediates for various natural products and biologically important molecules. 
S-Alkylation of sulfinate anions with alkyl halides is a well established method for the synthesis of aliphatic sulfones. However, the Conjugate addition of sulfinate anions has not been investigated, especially with chalcones, as the formed β-ketosulfones are useful for the synthesis of 1,3-diphenylpropane–1-ol and 1-phenylsulfonyl-cyclopropanes.
Since the pioneering work of Tamura and Kochi, iron salts have emerged as alternative and promising catalysts for many organic transformations, in particular for Michael addition reactions. These methods are distinguished by low cost, ready availability, environmentally benign nature of iron salts and exceptionally high reaction rates observed under mild conditions. 
In this chapter, we present FeCl3 catalyzed direct β-sulfonation of α, β-unsaturated carbonyl compounds under mild conditions. 


Scheme 1
Key feature of this chapter:
	This is one of the mild and efficient routes for the synthesis aryl alkyl sulfones, avoiding a synthetic step in which thiols nucleophilic substitution/addition using base and catalyst followed by oxidation with oxidizing agent in presence of a base take place, as this method is direct sulfonation avoids the use of such things and reduces time, it is atom economy. 
	An alternative route under milder conditions with easy handling of sodium arenesulfinate salt.
	This method provides significant advantages as convenient, economic and environmentally friendly.  


Chapter V Direct Sulfonylation of Alcohols with Sodiumarenesulfinates using Iron (iii) Chloride as Catalyst
Aryl alkyl sulfones have become a popular tool for the synthesis of various natural products as the α-carbanion is readily generated by reaction with a base and reacts with various electrophiles such as alkyl halides and aldehydes. The allyl phenyl sulfones are also excellent sources for regio- and diasterioselective diene synthesis via Julia olefination procedure. In this context, the direct sulfonylation of alcohols would be quite an important process to provide useful building blocks in organic synthesis. Earlier attempts to carry out the direct sulfonylation of alcohols were made using Brønsted acids such as AcOH, HCOOH and HCl to afford aryl alkyl sulfones. However, in terms of functional group tolerance, side reactions, and the reaction conditions, most of these reagents may have one or more drawbacks. 
The direct sulfonylation of a hydroxy group in alcohols by sulfinate salts through nucleophilic substitution is generally difficult because of the inefficient leaving group ability of the hydroxyl group which generally requires preactivation by transforming it into a good leaving group such as halide or mesylate. Recently, the direct sulfonation of benzyl carbamates and allylic alcohols using palladium catalysts has been developed. Although the above methods are encouraging, they require expensive phosphine ligands to promote the reaction which is undesirable because of their toxicity and sensitivity to air as well as moisture. Very recently Tian et al. reported a convenient protocol for the synthesis of benzylic and allylic sulfones through the reaction of alcohols with sulfinyl chlorides as well as alkylation reaction of sulfinic acids with sulfonamides via sp3 C-N bond cleavage. Thus, in view of the demand for efficient, economic and ecologically valuable processes, the direct Sulfonylation of alcohols with suitable salts without any stoichiometric hydroxy group activators would be an environmentally benign protocol.
In this chapter we present an efficient method for direct sulfonylation of benzylic, allylic and homoallylic alcohols with arenesulfinate salts using FeCl3 as catalyst with TMSCl as an additive for the practical and atom economic synthesis of aryl alkyl sulfones. 
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Key feature of this chapter:
	This method requires no preactivation of alcohols.
	It avoids the use of strong acids as well as strong bases in sulfonylation of alcohols hence it has wide functional group tolerence.
	It avoids the use of expensive palladium catalysts, phosphine ligands and bases.
	Additionally a first example of the FeCl3 catalyzed direct sulfonylation of homoallyl alcohols through nucleophilic addition of sulfinate anion at the terminal double bond instead of nucleophic substitution. 
	The new catalytic reactions presented in this chapter could be a meaningful addition to the existing methods with preformed or activated electrophiles and the use of stoichiometric amounts of base and/or metal salts.
Significant Achievements:
	We have identified two new compounds, 1,2,3-trimethoxy-4-(4-methylstyryl)-5-((E)-2-nitrovinyl)benzene and 1,2,3-trimethoxy-4-(4-methylstyryl)-5-((E)-2-nitrovinyl)benzene, as potent antiproliferative agents and inhibitors of tubulin polymerization.
	SAR studies includes that the 4-Methoxy group on b-ring of chalcone is essential and 3,4-disubstitution with oxygen group on biphenylC2 ring  of chalcone is favorable for cytotoxicity, which are more active than the mono oxygenated group on the same ring whereas, the same substitution on b-ring of chalcone disfavors for cytotoxic activity against all the cell lines tested.
	The new catalytic reactions presented in this thesis could be a meaningful addition to the existing methods with preformed or activated electrophiles and the use of stoichiometric amounts of base and/or metal salts.
	A first example of the Iron catalyzed direct sulfonylation of homoallyl alcohols through nucleophilic addition of sulfinate anion at the terminal double bond instead of nucleophic substitution. The first observation of terminal double bond migration with 1,3-hydride shift as in the case of palladium catalyst.

	
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